Introduction {#sec1-1}
============

Gallstone disease (GSD) represents a significant burden for health-care systems worldwide and is one of the most common disorders among patients presenting to emergency rooms with abdominal discomfort.\[[@ref1]\] In India, the prevalence of gallstones ranges from 6% to 9% in the adult population.\[[@ref2][@ref3]\] Age, gender, ethnicity, diet, and sedentary lifestyle influence the prevalence of GSD.\[[@ref4][@ref5][@ref6]\] It is important to address these factors as early as possible. Different biochemical parameters might play a great role in the early diagnosis of GSD, as change in levels of these parameters might have a strong association with the risk factors, hence the development of GSD. There are few studies showing the association of biochemical parameters and development of GSD;\[[@ref5][@ref6]\] therefore, this study was aimed to know the association of biochemical parameters and development of GSD.

Materials and Methods {#sec1-2}
=====================

To address the above objective, we conducted a case--control study from January 2013 to December 2013 among patients attending the outpatient department (OPD) of general surgery at a tertiary care hospital of Delhi, North India. Sample size was calculated using Fleiss formula\[[@ref7]\] and assuming cases-to-controls ratio of 1:1 and for power of 80% and level of significance of 95% with an assumption of prevalence of some less common risk factors as 14%.\[[@ref8]\] The final calculated sample size was 116 patients in each group, though we recruited 120 cases and the same number of controls in the study. The study participants were selected from OPD of general surgery.

Cases {#sec2-1}
-----

Consecutive ultrasonography-confirmed cases of GSD aged 20 years or more presenting in the OPD were enrolled in the study, until the sample size was met. Seriously ill GSD patients, patients who had psychiatric problems, and patients who did not give consent were excluded from the study.

Controls {#sec2-2}
--------

Patients above 20 years of age presented to surgical OPD and diagnosed negative for gallstones by ultrasonography were taken as controls and matched for age and sex. Pregnant females, diagnosed cases of other hepatobiliary disease, and renal stones were excluded from the study.

Data collection {#sec2-3}
---------------

Data collection for both cases and controls was done on a self-designed pretested interview schedule which assessed the sociodemographic profile, personal history, medical history and dietary intake, and physical examination including anthropometry. All the patients were investigated for biochemical parameters, i.e., fasting blood sugar (FBS), triglycerides, total cholesterol, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), aspartate transaminase (AST), alanine transaminase (ALT), and total bilirubin, with a standard cutoff.\[[@ref9]\] Physical activity\[[@ref10]\] and anthropometric indices were calculated for all cases and controls using standard definitions.\[[@ref11]\] Dietary assessment was done using the 24 h recall method and Food Frequency Questionnaire as a cross-check, and calculations for nutrient intake were done using the Indian Council of Medical Research standards.\[[@ref12]\]

Data management and statistical analysis {#sec2-4}
----------------------------------------

Data were recorded in MS Excel, and Epi Info 7 is statistical software for epidemiology developed by Centers for Disease Control and Prevention (CDC) in Atlanta, Georgia (US) and licensed as public domain was used for statistical analysis. Observations have been described in terms of mean, range, and standard deviation for continuous data and in terms of percentages/proportions for categorical data. For comparison of characteristics among the study participants, independent Student\'s "t-" test was used. Logistic regression was used for univariate and multivariate analyses to find out different correlates and analyze the independent effects of these correlates on GSD.

Ethical considerations {#sec2-5}
----------------------

Ethical approval for this study was provided by the Institutional Ethical Committee of Lady Hardinge Medical College and Associated Hospitals (letter no. LHMC/ECHR/2014/180), and also the informed consent was obtained from each of the study participant.

Results {#sec1-3}
=======

We have included 120 cases and the same number of age- and sex-matched controls in the study and final analysis. Almost 70% of the cases were females and 30% were males. Proportion of cases in each age group is increasing as the age group increases \[[Table 1](#T1){ref-type="table"}\].

###### 

Distribution of cases according to age and sex Age
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Comparison of characteristics using independent Student\'s "t-" test showed that there were significant differences in the mean value of body mass index (BMI); waist circumference; waist/hip ratio (W/H ratio); daily intake of calories, proteins, and fats; FBS; total cholesterol; triglycerides; HDL; LDL; AST; and ALT in cases as compared to control group except for mean levels of total bilirubin \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of characteristics among the study participants using independent Student\'s *t*-test
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Univariate logistic regression analysis of anthropometric variables showed that sedentary physical activity and high W/H ratio were significantly more in cases as compared to controls. Significantly more cases were overweight or obese (BMI ≥23 kg/m^2^) as compared to controls \[[Table 3](#T3){ref-type="table"}\]. After analyzing the dietary variables, the nonvegetarian diet found to be strongly associated with the occurrence of GSD. Cases consumed significantly more than recommended calories and fats as compared to controls. Intake of less protein than recommended significantly associated with the development of GSD \[[Table 3](#T3){ref-type="table"}\].

###### 

Univariate analysis of anthropometric variables, dietary intake, and biochemical parameters among the study participants
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Univariate analysis of biochemical parameters showed that HDL level was lower in cases as compared to controls but not statistically significant. Levels of FBS, total cholesterol, triglycerides, and LDL were significantly higher in cases vis a vis controls. Levels of AST, ALT, and total bilirubin were higher in cases as compared to controls but not statistically significant \[[Table 3](#T3){ref-type="table"}\].

We further analyzed biochemical parameters using multivariate logistic regression analysis to find the independent association of these parameters with GSD and found significant association with serum total cholesterol followed by LDL cholesterol and triglycerides. Other biochemical parameters such as FBS, HDL cholesterol, AST, ALT, and total bilirubin were not found to be independently associated with GSD \[[Table 4](#T4){ref-type="table"}\].

###### 

Multivariate logistic regression analysis of biochemical parameters with gallstone disease among the study participants
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Discussion {#sec1-4}
==========

In our study, we tried to find the association between different risk factors, i.e., age, gender, obesity, sedentary lifestyle, dietary intake, lipid profile, and development of GSD. We found that the proportion of GSD was increased with increasing age, and this has been corroborated by several other authors.\[[@ref13][@ref14]\] A higher proportion of GSD was seen in females (69.2%), which might be because estrogen increases biliary cholesterol secretion causing cholesterol supersaturation of bile, rendering it lithogenic, the same findings were observed by other authors.\[[@ref10][@ref13]\]

Personal risk factors such as sedentary lifestyle, overweight or obesity, and high W/H ratio were significantly associated with the development of GSD, reason for such finding may be because obesity increases cholesterol synthesis, biliary cholesterol secretion, and cholesterol supersaturation; similar results were seen in other studies,\[[@ref10][@ref15][@ref16]\] whereas in few studies, no significant association was seen between these personal risk factors and GSD.\[[@ref17][@ref18]\]

Univariate analysis of dietary factors shows that nonvegetarian diet increases the risk of gallstones by more than three folds; the reason for such finding may be because in Indian population, preparation of nonvegetarian diet generally involves lots of fat as compared to nonvegetarian preparation in other parts of world. Hence, in our settings, high fat usage may be the reason for having the significant association of nonvegetarian diet with GSD, whereas other studies showed no significant association between the type of diet and gallstones.\[[@ref10][@ref19]\] Daily intake of high calories and high fats favors the formation of gallstones, and high protein diet shows protective effect against gallstone formation; similar results were seen in other studies.\[[@ref15][@ref16]\] Whereas, in some studies, intake of calories and fats was not significantly associated with GSD.\[[@ref20]\] Reason for such finding may be because high energy intake leads to obesity and high fat intake leads to loss of bile acids in feces and decreased bile acid pool, promoting supersaturation of bile and rendering it more lithogenic. Proteins exerted an inhibitory effect on biliary cholesterol crystallization, which is the determinant step in gallstone genesis.

High fasting blood sugar level was significantly associated with the development of GSD as seen by univariate analysis; it might be because people with diabetes have hypotonic gallbladder and the bile of patients with diabetes mellitus is supersaturated with cholesterol; this is corroborated with the findings of De Santis *et al*.\[[@ref21]\]

We have also analyzed the association of different biochemical parameters in the development of GSD. We found that high level of plasma triglycerides, total cholesterol, and LDL cholesterol were found to be significantly associated with the development of GSD. In contrast to this, low level of plasma HDL cholesterol was found to be a risk factor for the development of GSD but not statistically significant; similar findings were seen in some other studies,\[[@ref22][@ref23][@ref24]\] whereas some showed that hyperlipidemia, plasma HDL cholesterol, and plasma triglycerides were not significantly associated with GSD.\[[@ref10][@ref14]\] Liver enzymes (AST and ALT) and total bilirubin were not significantly associated with gallstone formation, consistent with the findings of Sun *et al*.\[[@ref5]\]

We performed multivariate logistic regression analysis to find the independent association of biochemical parameters with the development of GSD. We have found that total cholesterol, triglycerides, and LDL cholesterol level were independently associated with GSD, whereas, no significant association was found by Tîrziu *et al*.\[[@ref24]\] Other variables such as FBS, HDL cholesterol, AST, ALT, and total bilirubin though associated were not statistically significant for GSD.

As total cholesterol, triglycerides, and LDL cholesterol level were independently associated with the development of GSD, individuals those have raised levels of these biochemical parameters with or without dietary or lifestyle risk factors should be screened for these biochemical parameters. Furthermore, routine screening of these biochemical parameters in adult patients presenting to hospitals with different diseases might help in the early diagnosis of gallstone disease. Individuals with raised levels of total cholesterol, triglycerides, and LDL cholesterol should be screened regularly for the early diagnosis of GSD and also prevention of complications because of the sudden onset of severe gallstone problem.

Maintenance of controlled plasma levels of total cholesterol, triglycerides, and LDL cholesterol might help in the prevention of GSD.

Conclusion {#sec1-5}
==========

Individuals who are overweight or obese and having sedentary lifestyle should be advised for screening of GSD. Vegetarian diet with recommended calories and fats and high protein diet should be promoted. Moreover, several biochemical parameters such as plasma total cholesterol, LDL cholesterol, and triglycerides were independently associated with GSD and should be assessed routinely in patients with the suspicion of GSD. This might help in better counseling and prevention of development of GSD in these individuals.
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